Background: Optimal patient selection is key to the success of nonoperative treatment for rotator cuff tears.
Patients with symptomatic rotator cuff tears are typically offered either operative or nonoperative treatment. Studies indicate that patients undergoing nonoperative treatment for rotator cuff tears have improved pain and function at follow-up. 3, 4, 7, 11 Patient selection based on characteristics associated with better outcomes is key to the success of nonoperative treatment.
Most prior studies have focused on factors associated with outcomes after surgical treatment. As such, there are sparse data on longitudinal predictors of better pain and functional outcomes after nonoperative treatment. Prior studies have also assessed only a limited number of factors associated with the outcomes of nonoperative treatment. A comprehensive longitudinal analysis of the possible predictors of outcomes of nonoperative treatment is lacking. These data can be useful in clinical settings to optimize outcomes after nonoperative treatment. Information on factors predicting better outcomes of nonoperative treatment may also save expenses and time toward nonoperative treatment when it is not the optimal choice. In a cohort of patients with rotator cuff tears observed longitudinally, we assessed the predictors of better pain and functional outcomes with nonoperative treatment.
METHODS

Patient Population
We recruited a prospective cohort of patients with symptomatic (for at least 4 weeks) rotator cuff tears undergoing nonoperative treatment in a multicenter longitudinal study termed the Rotator Cuff Outcomes Workgroup (ROW). Randomization to treatment was not performed in this study. Nonoperative treatment recommendations included physical therapy. As this was a pragmatic cohort study, the frequency and duration of physical therapy were not standardized. Patients could pursue corticosteroid injections or medications as per their preferences.
Patients aged 45 years and older were recruited from sports/shoulder clinics at 3 academic settings and 1 community setting between March 2011 and February 2015. Exclusion criteria were a current shoulder fracture, prior shoulder surgery (on the index shoulder), and active cervical radiculopathy (elicited as neck pain radiating to the shoulder/arm/hand). Patients who underwent rotator cuff surgery during follow-up (n ¼ 7) or had missing information on the Shoulder Pain and Disability Index (SPADI), our primary outcome measure, were excluded from the analysis (n ¼ 7). Patients provided informed consent, and the study was approved by our institutional review board.
Structured History Questionnaire and Outcome Measures
Patients completed a structured shoulder and general health questionnaire at baseline. An abbreviated version of this questionnaire (without questions on comorbidities and social history) was completed by patients at each of the follow-up time points. This questionnaire assessed patient demographics, comorbidities, symptoms, smoking/alcohol habits, and patient expectations after treatment about the magnitude of improvement expected. Daily shoulder use at work was assessed by asking patients about manual labor at their current job. If patients were not working, they were instructed to answer the question for their past job. The Fear-Avoidance Beliefs Questionnaire (FABQ) was administered to patients. The FABQ was designed by Waddell et al 16 to assess fear-avoidance beliefs about physical activity and work in patients with low back pain. We modified the FABQ (4 items that contribute toward scoring) to state "shoulder" instead of "back" for our study. The scale has 24 possible points, with a higher score indicating worse fearavoidance behavior. Mental health was assessed using the Mental Health Inventory (MHI-5), 2 a component of the 36-item Short-Form Health Survey. 17 MHI-5 scores range from 0 to 100. A score of 68 on the MHI-5 is indicative of a probable mood disorder (including depression). 10, 15 Patients also completed shoulder pain and function questionnaires including the SPADI, 14 a standardized 13-item questionnaire. The SPADI has a pain scale (5 items) and a disability scale (8 items) that elicit information on pain and functional limitations with activities of daily living. The composite SPADI score ranges from 0 to 100, with higher scores reflecting worse pain and function. The minimal clinically important difference for the SPADI is 10 points. If a patient was missing more than 2 items of the SPADI, the SPADI score was assigned a missing value.
Strength Testing
Strength testing was performed using a handheld dynamometer in abduction, external rotation, and internal rotation by trained research assistants only at baseline. A clinical examination including strength testing was not performed at follow-up. Both the affected and contralateral shoulders were assessed, and an average of 2 consecutive measurements that were at least 10 seconds apart were used in our analysis. Our detailed protocol for standardized strength testing has been previously described. 9, 13 Strength testing using a dynamometer has good intrarater and interrater reliability. 6 We used a ratio of affected shoulder strength versus contralateral shoulder strength in the analysis. There were 2 patients with a strength ratio above 3. These patients were given a value of 3 for the strength ratio to avoid outlying values in the analysis.
Diagnostic Imaging
Shoulder magnetic resonance imaging (MRI) scans were read in a blinded fashion by consensus of 2 shoulder experts (L.D.H. and N.B.J. or J.E.K. and N.B.J.). Although this was a pragmatic cohort with no specific requirements for MRI, most patients underwent MRI on a 1.5-T or 3.0-T magnet with a dedicated shoulder coil. The following sequences were usually obtained: coronal oblique fast-spin echo (FSE) proton density-weighted images, coronal oblique FSE short tau inversion recovery images, sagittal FSE proton density-or T2-weighted images with fat suppression, sagittal FSE T1-weighted images, axial T1-weighted images, and axial T2-weighted gradient echo images. Previous work has shown good interrater and intrarater reliability for these MRI readings as compared with a reading by a musculoskeletal radiologist. 8 Kappa values ranged from 0.75 to 0.90 for tear presence, tear size, and tear thickness. 8 MRI features including tear thickness, tear size in the longitudinal and transverse planes, fatty infiltration of the rotator cuff muscles, tendon retraction, and rotator cuff muscle atrophy were assessed. Criteria for each of these measurements follow standard nomenclature and have been previously described. 8 
Diagnosis of Rotator Cuff Tear
Rotator cuff tears were diagnosed based on the clinical impression of a sports/shoulder fellowship-trained attending physician and evidence of structural deficits on MRI (when available). In cases where an MRI scan was available, both of these conditions had to be met for a patient to be diagnosed with a rotator cuff tear. If an MRI scan was unavailable (because it was not clinically indicated; n ¼ 14), the diagnosis was based on the clinician's impression.
The diagnosis of a biceps tendon lesion was based on the physician, indicating that the patient had clinical signs and symptoms corresponding to biceps disease (a "yes/no" question).
Longitudinal Follow-up
Patients were assessed at approximately 3, 6, 12, and 18 months after the baseline visit for this analysis. Follow-up was performed via mail, and patients received telephone or email reminders if they did not return the questionnaires. All 70 patients had at least 1 follow-up from baseline, although full responses were unavailable at all of the follow-up time points (responses received: n ¼ 59 at 3 months, n ¼ 48 at 6 months, n ¼ 45 at 12 months, and n ¼ 41 at 18 months).
Statistical Analysis
We report covariate effects on the SPADI measured over 18 months of follow-up. A total of 21 variables and their interactions with time were assessed, including demographics, patient symptoms, comorbidities, personal habits, shoulder strength, and patient expectations. An a priori sample size calculation was not performed. Tear size was not used as a predictor variable because there were patients in whom MRI was not clinically indicated. Race could not be used in the analysis because of very few patients in categories except non-Hispanic white. Continuous variables were summarized using the interquartile range, median, mean, and standard deviation.
All models were estimated using a weighted linear mixed model incorporating a first-order autoregressive (AR(1)) covariance structure with time modeled as 4 dummy variables at 5 time points (baseline, 3 months, 6 months, 12 months, and 18 months). Our statistical model used all available follow-up time points for a given patient, thus increasing the power of the analysis. Results of standard goodness-of-fit and residual analyses were unremarkable. Variable interactions with time were tested independently, but the full model (including interactions regardless of statistical significance) was used to test and estimate model-based (least squares) mean contrasts. Univariate P values are presented for each variable based on the global test for the variable and interactions with time. If desired, the 21 univariate models can be interpreted, adjusting for multiplicity by the reader, using the Bonferroni adjustment (0.05/21 ¼ 0.002).
RESULTS
Of the 70 patients who underwent nonoperative treatment in our ROW cohort, 50% of patients were female ( Table 1 ). The median age of participants was 64.3 years, and a majority of patients were non-Hispanic white (83%; n ¼ 58). The median duration of symptoms was 6.0 months (mean, 21.1 ± 38.1 months). A concomitant biceps lesion was present in 30% (n ¼ 21) of patients.
Imaging characteristics could be determined in 56 patients who underwent MRI. A majority of patients had a full-thickness tear (54%; n ¼ 30) ( Table 2 ). There was no fatty infiltration of the rotator cuff tendons in 61% (n ¼ 34) of patients.
In unadjusted multiple comparisons, being married as compared with being single/divorced/widowed (P ¼ .02) (Table 3) , a shorter duration of symptoms (P ¼ .02), daily shoulder use at work that included light or no manual labor versus moderate or heavy manual labor (P ¼ .04), and alcohol use of 1 to 2 times per week or more as compared with 2 to 3 times per month or less (P ¼ .007) were significantly associated with decreased SPADI scores (improved shoulder pain and disability) over time. Among structural characteristics of a rotator cuff tear, absence of fatty infiltration (P ¼ .0009) was significantly associated with decreased SPADI scores over time. The variables of sex (lower SPADI scores in male vs female patients), MHI-5 score (lower SPADI scores with increasing MHI-5 scores), and tendon retraction (lower SPADI scores with stage 1 or not applicable vs stage 2 or more) were not significant (all P < .10).
When interactions with time were assessed, having a college level of education or more versus less than a college education showed a differential effect over time, with those with a college level of education or more having lower SPADI scores (P ¼ .004). Partial-thickness tear versus full-thickness tear also had an interaction with time, such that those with a partial-thickness tear had lower SPADI scores (P ¼ .0002). We present a visual representation of differences in SPADI scores between groups for significant variables (Figures 1-3 ).
DISCUSSION
We assessed the predictors of outcomes after nonoperative treatment in patients with rotator cuff tears in a wellcharacterized longitudinal cohort. Treatment outcomes were measured using the SPADI, which is a pain and functional assessment. The SPADI was used as the primary outcome for our analysis because it is reliable, validated,
and shoulder specific. It also has multiple items that assess pain. The predictors of better outcomes included being married, a shorter duration of symptoms, light or no manual labor in daily work, alcohol use of 1 to 2 times per week or more, and absence of fatty infiltration of the rotator cuff. a Data are shown as n (%) unless otherwise indicated. MRI information was available for 56 patients; percentages reflect a total of 56 patients (100%). Fatty infiltration and muscle atrophy were determined by computed tomography in 2 patients, who were included in the analysis but not in the table. IQR, interquartile range; MRI, magnetic resonance imaging.
b Tear size was determined by the sum of supraspinatus and infraspinatus tears in the longitudinal or transverse planes for full-thickness tears only; missing values: longitudinal, n ¼ 3; transverse, n ¼ 6; and cross-sectional, n ¼ 6.
c If any of the tendons had a full-thickness tear, the tear was classified as full-thickness.
d Grading was reported for the muscle most severely affected. e Because the tear was partial thickness. Education had an interaction with duration of follow-up in that there was a greater improvement in patients with at least a college level of education with a shorter duration of follow-up. Tear thickness also had an interaction with time in that those with partial-thickness tears had better shoulder pain and function. All of these differences were significant. It is possible that these factors are also associated with better outcomes of operative treatment. Our study did not report on a comparison of outcomes of operative versus nonoperative treatments.
Nonoperative treatment is one of the standards of care for patients with rotator cuff tears. Often, nonoperative treatment is the first line of treatment before surgery is considered. Rehabilitation with physical therapy is the mainstay of nonoperative treatment, although other options/adjuvant therapies such as watchful waiting, acupuncture, iontophoresis, phonophoresis, transcutaneous electrical nerve stimulation, pulsed electromagnetic field, ultrasound, pharmacological management with analgesics or anti-inflammatories, and corticosteroid injections are available. Patients undergoing physical therapy are shown to improve over time. 3, 4, 7, 11 However, nonoperative treatment including physical therapy is expensive, requires a substantial time commitment from the patient, and uses health care resources. In some instances, nonoperative treatment is unsuccessful and thus can be an unneeded step toward operative treatment. An assessment of the predictors of better outcomes after nonoperative treatment can possibly save time and resources spent on patients who may not benefit from such treatments. Our study accomplishes this goal in a well-characterized longitudinal cohort. We performed a longitudinal analysis and assessed factors possibly associated with the outcomes of nonoperative treatment in a single study.
Previous literature on the predictors of outcomes of nonoperative treatment is limited. A few single-institution If the interaction is significant, the P value for the variable is not reported. studies that have addressed this issue have analyzed a limited number of factors associated with treatment outcomes. 1, 4, 7 We assessed a variety of potential factors that could be expected to be associated with treatment outcomes.
Bartolozzi et al 1 observed 136 patients with impingement syndrome and rotator cuff disease and assessed outcomes using the University of California, Los Angeles (UCLA) shoulder rating system at a mean follow-up of 20 months. A tear size 1 cm 2 (as compared with tendon lesions without a tear, a partial-thickness tear, and a tear size <1 cm 2 ), duration of symptoms >1 year (as compared with 1 year). and greater functional impairment at initial presentation were associated with worse outcomes. Our results also showed that a longer duration of symptoms was associated with worse outcomes. It is possible that some patients improved over a period of time with no treatment, and these patients were not included in our cohort because they did not seek care, leading to a selection bias in our cohort. Although tear size could not be analyzed in our study, tear thickness was significantly associated with the outcomes of nonoperative treatment and showed an interaction with time. Most of the effect was seen at 6 months, in which patients with partial-thickness tears had better outcomes as compared with those with full-thickness tears.
There are data to suggest that tears increase in size over time. 12 If this hypothesis is applied to the progression of partial-thickness tears to full-thickness tears, early nonoperative treatment may be advised because the progression of a tear may lead to worse outcomes in the future, especially in younger patients. The presence of fatty infiltration, which is likely a sign of a chronic rotator cuff tear, was associated with worse outcomes in our study. The presence of fatty infiltration, along with a longer chronicity of symptoms that predicts worse outcomes in our analysis, possibly indicates that nonoperative treatment is most efficacious in patients with a shorter duration of symptoms and absence of fatty infiltration.
Goldberg et al 4 reported in 46 patients that younger age and tears in the dominant extremity were associated with patients experiencing improvement after the nonoperative treatment of rotator cuff tears. Neither of these variables was associated with outcomes in our analysis, which are similar to the results from the study of Itoi and Tabata. 7 However, daily shoulder use at work was associated with outcomes in our study. Patients working in no or light manual labor jobs had significantly better outcomes as compared with those working in moderate or heavy manual labor jobs. It is likely that daily job demands in those performing moderate or heavy labor do not allow recovery in shoulder pain and function because of repetitive use/trauma.
Abduction strength and range of motion at initial presentation have been significantly associated with improvement in shoulder pain, motion, and strength at follow-up in 23 patients at over 5 years of follow-up. 7 Shoulder strength was not a significant predictor of outcomes in our study. However, we performed strength testing using a handheld dynamometer as opposed to the manual muscle strength testing that was performed by Itoi and Tabata. 7 Harris et al 5 reported on a large cohort of 389 patients who underwent nonoperative treatment for symptomatic, atraumatic, full-thickness rotator cuff tears. Outcomes were assessed using the Western Ontario Rotator Cuff Index (WORC) and American Shoulder and Elbow Surgeons (ASES) score. Their study assessed factors associated with outcome scores at baseline and not at follow-up. Hence, data from that study cannot be used to determine the predictors of outcomes of nonoperative treatment. A higher education, active abduction range of motion, and strength in forward elevation and abduction were associated with better outcome scores at baseline. Male sex, supraspinatus atrophy, infraspinatus atrophy, and presence of scapulothoracic dyskinesia were associated with worse outcome scores at baseline. Social demographic determinants such as level of highest education and marital status were predictors of outcomes in our study. A married status and higher level of education may indicate better social support, better compliance with nonoperative treatment, or better pain-coping mechanisms, leading to better treatment outcomes. The association of alcohol use with treatment outcomes in our study is puzzling. It is possible that alcohol use is a proxy for another variable that was not measured in our cohort.
Limitations of our study include a relatively small sample size, missing MRI information in 14 patients and hence the noninclusion of tear size as one of the predictor variables, and unavailability of complete data at all of the outcome time points. We also did not have physical examination information or repeat MRI during follow-up, which was limited to 18 months. Patients with missing MRI information were included in the analysis. It is important to include patients without MRI scans in the analysis to avoid a spectrum bias in patients undergoing nonoperative treatment, who in many cases do not need imaging unless surgery is indicated. A follow-up physical examination and longer term follow-up were also unavailable. The analysis could also not be stratified by tear thickness because of the relatively small sample size. However, this is one of the few studies to longitudinally assess prognostic factors in Figure 3 . Estimated differences with 95% CIs in Shoulder Pain and Disability Index (SPADI) scores for patients with a full-thickness versus partial-thickness tear. Estimated differences at each of the time points are presented given the significant interaction of tear thickness with time.
patients undergoing nonoperative treatment with a comprehensive set of potential predictor variables.
In our prospective cohort study, the longitudinal predictors of better outcomes of nonoperative treatment during 18 months of follow-up included being married, having a college level of education or more, a shorter duration of symptoms, light or manual labor in daily work, alcohol use of 1 to 2 times per week or more, partial-thickness tears, and absence of fatty infiltration of the rotator cuff. Our results suggest that nonoperative treatment should be performed early for optimal outcomes. These data can be used to optimize patient selection for the nonoperative treatment of rotator cuff tears.
